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Abstract


C-C COUPLING REACTIONS CATALYZED BY NANOCRYSTALLINE MAGNESIUM OXIDE 

The pictorial flow of the thesis and a brief description of the chapters are outlined below:
	

The thesis mainly deals with the applications of nanocrystalline magnesium oxide for selective organic transformations. The first chapter mainly deals with the importance and applications of heterogeneous catalysis, importance of nanocrystalline materials in catalysis for selective organic transformations. The importance and the need for the design and development of environmentally cleaner catalytic methodologies is also highlighted. Chapter 2 which is divided into two sections, deals with the application of nanocrystalline magnesium oxide for the one-pot Wittig reaction and Wadsworth-Emmons reaction for the synthesis of α,β-unsaturated esters and nitriles, for the stereoselective formation of C=C double bonds. Chapter 3 which is divided into two sections, describes the application of nanocrystalline magnesium oxide for C-C bond formation reactions in Mannich and aldol reactions for the synthesis of α-thioalkyl-β-amino acid derivatives and α-thioalkyl-β-hydroxy esters respectively. Chapter 4 which is divided into two sections, describes the application of nanocrystalline magnesium oxide for the Strecker and cyanosilylation reactions to produce α-amino nitriles and cyanohydrins respectively. Chapter 5 deals with the one-pot synthesis of pyridines and 1,4-dihydropyridines by the three component coupling reaction of aldehydes, malononitrile and thiols using nanocrystalline magnesium oxide.
CHAPTER-I: Introduction
This chapter describes the various catalysts/process options available for an industrial chemist to effect different organic transformations. It includes a brief introduction of homogeneous catalysis, heterogeneous catalysis, nanomaterials and nanocatalysis. The need and development of cleaner and greener alternative technologies using truly heterogeneous catalytic system in the synthesis of pharmaceuticals and fine chemicals is described. This chapter also describes the basic concepts of nanocrystalline magnesium oxide and evaluation of this material for organic synthesis. 
CHAPTER-II: Stereoselective C=C double bond formation reactions catalyzed by nanocrystalline MgO
The development of methods for the stereoselective formation of C=C double bonds represents one of the most important challenges in organic synthesis. 
This chapter is divided into two sections.
Section A: One-pot Wittig reaction: A facile synthesis of α, β-unsaturated esters and nitriles by using nanocrystalline MgO
The most important intermediates for several biologically active molecules have been synthesized through Wittig reaction. α,β-Unsaturated esters and nitriles have attracted increased interest since they can serve as useful intermediates in the synthesis of variety of biologically active compounds.
The most impressive variant in the Wittig reaction is the replacement of the three step-process, involving the preparation of phosphonium salt, followed by base treatment to give ylide, subsequent reaction with carbonyl compounds to give olefinic products with the one pot synthesis.  The α,β-unsaturated esters are obtained directly in one-pot in good yields by the reaction of aldehyde with methyl bromoacetae using n-Bu3P/Zn at 100 0C, or catalytic amounts of tributylarsine or dibutyl telluride, in the presence of triphenyl phosphite. The use of ethyl diazoacetate (EDA) instead of -bromo esters in the above protocol is also reported by using catalytic amounts of iron, ruthenium, cobalt porphyrin complexes in the presence of PPh3, P(OMe)3, P(OEt)3. 
In this chapter, one-pot Wittig reaction to afford α,β-unsaturated esters in excellent yields with high E-stereoselectivity and Z-α,β-unsaturated nitriles with excellent yields by the reaction of aldehydes with α-bromoacetaes and α-bromoacetonitrile using nanocrystalline magnesium oxide is described.


A fluorine atom substitution, adjacent to the ester moiety increases significantly the biological activity of these compounds, as exemplified in vitamin A and pheromone chemistry. -Fluoro-α,β-unsaturated esters, a useful class of intermediates in the synthesis of a variety of biologically active fluoro compounds were also synthesized through one-pot Wittig reaction under these optimized conditions by the reaction of aldehydes and α-fluoro,α-bromoacetae in moderate yields with Z selectivity.
             

In one-pot Wittig reaction ethyl bromoacetate reacts with triphenylphosphine forms phosphonium salt, and it was converted to phosphorous ylide by using NAP-MgO, was proved with 31P-NMR, and ylide reacted with aldehyde to afford olefin. 
In Wittig reaction olefins are obtained with high selectivity towards E isomer, due to the surface of the catalyst and its high reactive sites. It was assumed that the formed intermediate “betaine” forms a complex with the unsaturated  Mg2+/Mg+ site (Lewis acid type) of NAP-MgO. In betaine, aldehyde R group and ylide COOEt group should be in different plane for minimizing their steric interactions. Therefore, trans-oxaphosphetane

will be formed by the planar four centered transition state to relieve a dominating 1,2 interaction between R group on the aldehyde and COOEt group on the ylide, which predominates E-,-unsaturated esters. When the hydrogen is  substituted by fluorine atom in the same E-form of ,-unsaturated esters, the product -fluoro-,-unsaturated ester is considered as Z-form according to atomic number priority and the same Z-isomer of fluoro compound was predominantly obtained in the optimized conditions. Whereas in ,-unsaturated nitriles, the increase in Z isomer is due to the lesser steric requirement of the linear cyano group.
Section B: Wadsworth-Emmons reactions catalyzed by nanocrystalline MgO
The versatile Wadsworth-Emmons (WE) reaction belongs to a class of C=C double bond formation reactions, which find wide applications in the elegant synthesis of intermediates for fine chemicals such as perfumes, fragrances, analgesics, insecticides, carotenoids, pheromones, pharmaceuticals and prostaglandins etc.
In WE reaction, the phosphonate anions are strongly nucleophilic and react readily with aldehydes to form olefins. Generally, the WE is performed in the presence of relatively strong bases such as n-butyllithium, potassium tert-butoxide, sodium hydride, LDA, DBU, Triton B, N-ethylpiperidine etc., in homogenous conditions.
The recyclable nanocrystalline magnesium oxide was used for WE reaction of aldehydes with various phosphonates to afford E-α,β-unsaturated esters and Z-α,β-unsaturated nitriles with excellent yields under mild conditions without the formation of by-products. Due to the formation of trans-oxaphosphetane anion as intermediate, the products, olefins are obtained as stereoselective E-isomers.	




CHAPTER-III: Application of nanocrystalline MgO for C-C bond formation reactions 
A carbon-carbon bond forming methodology for the formation of β-amino acid derivatives or β-hydroxy acid derivatives is of prime importance in the synthetic organic chemistry. Since the reaction between nucleophile and imine or aldehyde is the most powerful and convenient process, for a carbon-carbon bond formation.
This chapter is divided into two sections.
Section A: Synthesis of -thioalkyl--amino acid derivatives by Mannich-type reaction between N-sulfonyl aldimines and sulfonium salts 
Mannich reaction is one of the direct approaches for the preparation of β-amino acid derivatives and produces two adjacent stereogenic centers, constructed simultaneously with a concomitant C-C bond formation. This provides a unique opportunity for directly and selectively introducing subtituents at both α-and β-positions through the choice of eletrophiles and nucleophiles employed. Specially, α-mercapto-β-amino acid derivatives are prepared through Mannich reaction and are shown to be biologically active. 
α-Thioalkyl acetates reacted with N-sulfonyl aldimines in the presence of strong base LDA to afford α-thioalkyl-β-amino esters in moderate yields. Recently, ring opening of aziridinium ion intermediates with thiolate nucleophiles to give the α-thiosubstituted, β-amino esters in high yields in the presence of K2CO3 in acetonitrile at 60 0C was reported.
The novel Mannich-type reaction between N-sulfonyl aldimines and various sulfonium salts to afford α-thioalkyl-β-amino esters/nitriles/ketones/amides in moderate to high yields with moderate to good diastereoselectivities by using nanocrystalline MgO, instead of predicted aziridination products under basic conditions is described.
    

The stereochemistry assignment for these compounds was unambiguously determined by literature and spectral analysis that the major diastereomer was confirmed to be anti isomer, and minor diastereomer was to be syn. Further corroboration for the correct configuration assignment for the major isomer was unambiguously obtained by single-crystal X-ray crystallographic analysis, to be anti isomer. 
The abnormal bond cleavage of sulfonium salt was observed by using NAP-MgO in the reaction. To evaluate this, the evolved gas fragments m/z = 47, 60, 61, 62 and 76 due to SCH3, S(CH)CH3, S(CH2)CH3, S(CH3)2, SCH2(CH3)2 respectively, were observed in TGA-DTA-MS of sufonium salt 2A treated NAP-MgO. All these m/z fragments clearly indicate that the ylide and salt was coordinated to Mg2+/Mg+ and/or O2-/O- of NAP-MgO. 

However, sulfur of the ylide was coordinated to O2-/O- (Lewis base) of NAP-MgO, resulting is one of the alkyl subtituents on sulfur being polarized. Simultaneously, O2-/O- (Lewis base) of NAP-MgO dominants on that substituent, and coordinates with that alkyl group to encourage that substituent to leave from the sulfur atom. This type of C-S bond cleavage with demethylation was earlier observed in the hetaryl(dimethyl)sulfonium salts formed in the course of heterocycles with (CH3)2S+-SO2CF3CF3SO3- in the synthesis of methylthio-substituted heterocycles, in the presence of triethylamine base.
Section B: Synthesis of -hydroxy--thioalkyl esters by aldol-type reaction between aldehydes and sulfonium salts 
The aldol reaction is the most frequently used tool for constructing C-C bond formation in the synthetic organic chemistry. Accordingly, the aldol products, β-hydroxy sulfides and β-hydroxy-α-thioalkyl carboxylic acid derivatives have found widespread use in the synthesis of natural products and pharmaceuticals.
Aggarwal et al. reported an aldol condensation of cyclohexanecarboxaldehyde with α-thiomethoxy-tert-butyl-acetate by using strong base LDA, furnished mixture of β-hydroxy-α-thiomethyl esters in favour of anti product. The readily enolizable α-thio substituted esters can be easily transformed by the TiCl4/triethyl amine protocol into the corresponding titanium enolates, and these compounds undergo the aldol condensations with aldehydes to afford β-hydroxy-α-thioalkyl esters in good yields with syn selectivity.
In this section, the aldol-type reaction between aldehydes and various sulfonium salts to afford β-hydroxy-α-thioalkyl esters in moderate to good yields by using nanocrystalline MgO, instead of predicted epoxides under basic conditions is described. 
   
The stereochemistry assignment for these compounds was unambiguously determined by H1 NMR NOE studies. Relative stereochemistry of these aldol products was determined as follows. The diastereomer (syn or anti) obtained from 4-cyano benzaldehyde and sulfonium salt 2A, was reduced by lithium aluminium hydride (THF, 0 oC, 1 h) to give the corresponding 1,3-diol, which was converted to acetonide-A or B respectively (2,2-dimethoxypropane, cat. p-toluenesulfonic acid, dry acetone, rt, N2 atm) as depicted in the scheme given below. 


	
The NOE experiments of acetonide-A and B showed that the diastereomer (acetonide-A) with high Rf value was confirmed to be syn isomer and the diastereomer (acetonide-B) with low Rf value to be anti.  
CHAPTER-IV: Strecker and Cyanosilylation reactions catalyzed by nanocrystalline MgO
 This chapter is divided into two sections. 
Section A: Synthesis of -amino nitriles through Strecker reaction of aldimines and ketoimines by using nanocrystalline MgO
The nucleophilic addition of cyanide ion to the imines, instead of the three component Strecker synthesis, represents a popular and widely used alternative route, is of great importance to modern organic chemistry as it offers one of the most direct and viable methods for the synthesis of α-amino nitriles. These bifunctional compounds have subsequently shown to be versatile intermediates in synthetic organic chemistry.
Strecker reaction between N-tosylimines and TMSCN proceeded smoothly in the presence of Lewis base, AcOLi in dry DMF or water-containing DMF and the corresponding α-amino compounds were obtained in high yields. Feng et al. reported that the bifunctional N,N’-dioxide catalyst derived from L-prolinamide catalyzed the enantioselective Strecker reaction of N-sulfonyl ketoimines. 
In this chapter, an effective Strecker reaction of aldimines and ketoimines with TMSCN to afford α-amino nitriles and α,α-disubstituted α-amino nitriles respectively in high yields by using nanocrystalline magnesium oxide is described.


As to the mechanism, it was assumed that the cyanation of imines with TMSCN proceeds through the formation of hypervalent silicate intermediate, rather than nucleophilic cyanide ion as active species. 29Si NMR spectral evidence proved that the Strecker reaction proceeds through the hypervalent silicate species by coordination to O2-/O- (Lewis basic site) of nanocrystalline magnesium oxide. 
Section B: Cyanosilylation of aldehydes and ketones catalyzed by nanocrystalline MgO
 The cyanation reaction of carbonyl compounds is one of the most important methods to obtain poly-functional molecules in organic synthesis. Cyanohydrins or cyanohydrin trimethylsilyl ethers are useful buiding blocks and highly versatile synthetic intermediates in organic synthesis. 
The cyanosilylation reaction has been studied extensively by using various promising Lewis acids and Lewis bases. Verkade et al. reported the cyanosilylation of aldehydes and ketones in the presence of catalytic amounts of the non-ionic strong bases P(RNCH2CH2)N (R =Me, iPr) in THF at 0 oC or room temperature.
In this section, cyanosilylation of aldehydes and ketones with TMSCN to afford cyanohydrin trimethylsilyl ethers in good to high yields by using nanocrystalline magnesium oxide is described. The cyanohydrin trimethylsilyl ethers obtained from aldehydes, afforded cyanohydrins in good to high yields on treatment with 2N HCl.




As to the mechanism, it was assumed that the cyanosilylation reaction with TMSCN proceeds through the formation of hypervalent silicate intermediate, rather than nucleophilic cyanide ion as active species. 29Si NMR spectral evidence proved that the cyanosilylation reaction proceeds through the hypervalent silicate species by coordination to O2-/O- (Lewis basic site) of nanocrystalline magnesium oxide. 


CHAPTER-V: One-step three-component synthesis of highly substituted pyridines and 1,4-dihydropyridines using nanocrystalline MgO
In one-pot multicomponent coupling reactions (MCRs) are an attractive strategy in organic synthesis. Three-component coupling of aldehyde, malononitrile and thiol affording pyridine derivatives is one of the best examples of such type of reactions and received much attention in recently. 
The pyridine ring is found in a number of bioactive compounds, both naturally occurring and synthetic compounds and are often of considerable complexity. The highly substituted pyridine derivatives, like 2-amino-4-aryl-3,5-dicyano-6-sulfanyl pyridines, the “privileged medicinal scaffolds” having significant and diverse medicinal utility with suitable pharmacological profiles. 
The one-step, three-component synthesis of 2-amino-3,5-dicyano-6-sulfanyl pyridines and the corresponding 1,4-dihydropyridines from aldehydes with various thiols and malononitrile using triethyamine or DABCO under ethanol reflux conditions, and using a basic ionic liquid [bmIm]OH at room temperature was reported.
In continuation of the application of nanomaterials in organic transformations, an effective three-component condensation of aldehyde, malononitrile and thiol to afford 2-amino-4-aryl-3,5-dicyano-6-sulfanylpyridines P and the corresponding 1,4-dihydro- pyridines DP in moderate to high yields by using nanocrystalline magnesium oxide is described in this chapter. 


Significant Achievements
	Evaluation of single site catalyst for development of simplified and eco-friendly processes for the production of several organic intermediates such as α, β-unsaturated esters, nitriles, α-amino nitriles and cyanohydrins.
	An efficient synthesis of α-thioalkyl-β-amino acid derivatives, and β-hydroxy-α-thioalkyl esters using nanocrystalline magnesium oxide.
	Development of truly heterogeneous nanocrystalline magnesium oxide for synthesis of highly substituted pyridine derivatives, like 2-amino-4-aryl-3,5-dicyano-6-sulfanyl pyridines, the “privileged medicinal scaffolds” having significant and diverse medicinal utility.
	The use of simple and bifunctional nanocrystalline magnesium oxide catalyst permits the employment of cheaper raw materials and reduces the cost of unit operation thus influencing the economics of the process.
	   Easy separation of the catalyst by simple filtration and reusable for several cycles without loss or minimal loss of activity.
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